Various types of synthetic polymers are widely used to immobilize or entrap natural and artificial receptors to impact a molecular-recognition capability to a sensitive transducer of chemical sensors.
Experimental

Reagents
The sources of the reagent used were as follows: high molecular-weight PVC, bis(2-ethylhexyl)adipate (DOA), onitrophenyl octyl ether (NPOE), tridodecylmethylammonium chloride (TDMACl), potassium tetrakis(p-chlorophenyl)borate (KTpClPB) and tetrakis[tris(dimethylamino)phoranylidenamino]-phosphorium chloride (TPAPCl) from Fluka (Buch, Switzerland); and 3140 RTV-SR and 730 RTV-SR from Dow Corning (Midland, MI). All other chemicals used were of analytical reagent grade. Standard solutions and buffers were prepared with deionized water.
Preparation and evaluation of polymer membranes and electrodes
Polymer membranes were prepared according to a previously reported method. 9 The detail compositions of the optimized membranes used in this experiment are listed in Table 1 . The membranes were prepared by dissolving the mixture in 5 mL of THF, and then casting the dissolved mixture in a glass ring placed on a flat plate, as described in our previous articles. In each case, after curing, small disks (5.5 mm) were punched from the cast films and mounted in Philips electrode bodies (IS-561; Glasblaserei, Möller, Zürich, Switzerland).
The potentiometric behavior of the membrane electrodes was evaluated with the conventional ISE configuration. For all electrodes, 0.1 M KCl was employed as the internal filling solution. The external reference electrode was an Orion sleevetype double-junction Ag/AgCl electrode (Model 90-02). The electrodes were connected through a high impedance amplifier to an IBM AT-type computer equipped with an analog-to-digital converter. The pH response of the ASSE was obtained by titrating a buffer composed of 1.4 mM boric acid, 6.7 mM citric acid, and 10 mM sodium dihydrogenphosphate (pH 2.8) with small aliquots of NaOH while simultaneously monitoring the pH of the same solution with a combination glass pH-electrode. The solutions were magnetically stirred throughout and equilibrium potentials were recorded.
Dynamic-response curves were obtained through the addition of standard solutions to a background electrolyte (0.05 M tris(hydroxymethyl)-aminomethane (Tris)-H2SO4, pH 7.4) at room temperature.
Results and Discussion
Initially, we examined three different classes (i.e. PVC and two types of RTV-SR) of solvent-processible polymeric membranes at various incorporating compositions with the anionic and cationic ion-exchanger and plasticizers. Here, we hoped to reveal the relationship between the pH responses and the role of each composition. Thus, we thoroughly evaluated all aspects of the membrane compositions, i.e. with, without, ratio and type of each components.
We had performed trial and error-type experiments for the pH response of more than 100 combinations of cationic and anionic additives (TDMACl, TPAPCl, KTpClPB or none), plasticizers (NPOE, DOA or none) and polymer supports (PVC, 3140 RTV-SR, 730 RTV-SR or PU). The only optimized compositions of pH sensitive matrices are listed in Table 1 .
pH responses
Almost every examined PVC based membrane, such as PVC, PVC-NPOE, PVC-KTpClPB-DOA, PVC-TDMACl-NPOE and PVC-KTpClPB-TDMACl-NPOE, and so on, did not exhibit any reliable response to pH, except for a membrane based on the PVC-KTpClPB-TPAPCl-NPOE composition. The optimized aforementioned membrane electrode (electrode 1) shows a very acceptable pH response to a relatively wide range of H + concentrations (Fig. 1, trace 1 ; slope: 49.5; linear range: 2.86 -10.6).
Because, even with PVC-TPAPCl-NPOE, PVCKTpClPB-TDMACl-NPOE or PVC-KTpClPB-TPAPCl-DOA based-membranes, no pH responses were noticed, the reason why the aforementioned membrane 1 responds well to pH could be hardly explained. The results with PU matrices were also obtained, but not included in this manuscript, because none of PU membrane compositions with lipophilic ion-exchangers showed a significant pH response.
RTV-SR, commercially available one-part adhesive or sealant, is readily dissolved or dispersed in common organic solvents, and easily cured at room temperature by atmospheric moisture activation. Unlike PVC, RTV-SR matrices showed not only an excellent adhesive characteristic toward a wide range of substrates, but induced a response to lipophilic anions (e.g., perchlorate, salicylate). A variety of one-component RTV-SR has been evaluated for use as an ISE membrane matrix. Among those matrices, an alcohol-evolving type (Dow Corning 3140 RTV-SR) has been chosen as the preferred materials by many researchers, because it has yielded relatively good ISE membranes. More recently, a novel fluorosilicone rubber (Dow Corning 730 RTV-SR) was used in fabricating ion-selective electrodes with a prolonged life-time and improved selectivity. [10] [11] [12] This material is silanol terminated one component SR and an acetic acid-evolving type. The 730 RTV-SR based membrane was reported to have a significantly reduced electrical impedance compared to the 3140 RTV-SR, which was attributed to the presence of an electronegative fluoro group. Most of the 3140 RTV-SR and 730 RTV-SR based membranes did not show any significant pH responses, unless they contained both cation and anion sites in the same membrane, though 730 RTV-SR based membranes exhibited some pH responses. For instance, the response of 12.1 mV/pH between 6.43 and 11.3 for the 730 RTV-SR, based membrane and 20.7 mV/pH between 2.88 and 10.52 for the 730 RTV-SR-NPOE were noticed. However, 730 RTV-SR-KTpClPB-TDMACl-DOA ( Fig. 1 trace 2) shows 45.8 mV/pH of slope between pH 5.74 and 12.0, while 3140 RTV-SR-KTpClPB-TDMACl-DOA ( Fig. 1 trace 3) shows very good linearity between pH 2.88 and pH 12.0 with a slope of 35.3 mV/pH. The same aforementioned membranes with NPOE as a plasticizer exhibit a relatively worse performance than does DOA, i.e. 38.8 mV/pH between 7.67 and 12.09 for the 730 RTV-SR and 39.1 mV/pH between 7.19 and 12.09 for the 3140 RTV-SR. The 3140 RTV-SRTDMACl-NPOE is the only other pH response membrane than the already mentioned RTV-SR based membranes. Because none the non-plasticized RTV-SR-based membranes have shown a pH response, we could know that the pH responses of these membranes and whether the presence of a plasticizer has some relations. However, other than that, no other noticeable relations between the pH responses of the RTV-SR based membranes and there compositions were found.
Interferences
In order to employ those pH-responded membranes to a pH 996 ANALYTICAL SCIENCES AUGUST 2001, VOL. 17 Table 1 ).
sensor, we investigated different ion effects on those membrane electrodes. As shown in Fig. 2 , the emf signals of all three membranes were negligible toward added salts at concentrations lower than 0.1 M for KCl, NaCl and CaCl2 and 0.01 M for sodium salicylate. As expected, this non-responding behavior is due to the balance of a cation exchanger (i.e. KTpClPB) and an anion exchanger (i.e. TDMACl or TPAPCl). On the other hand, an anionic response observed toward added sodium salicylate can be attributed to the fact that the selectivity of these membrane is affected by the relative solubility of the individual ion in the membrane phase, more lipophilic ions being preferred; i.e. the membrane response is greater toward salicylate than sodium ion. The different ion effects for all three membrane electrodes are very similar, but the PVC-based one seems to be slightly better than the others.
In summary, only a few compositions of a mixture of polymer supports-cationic exchanger-anionic exchanger-plasticizer show a reliable pH response. The membrane electrode with PVCKTpClPB-TPAPCl-NPOE seems to be better for a pH sensor, especially at a lower pH than three other membranes examined in this experiment. Both of the RTV-SR based one exhibited a better pH response at higher pH. No noticeable relations between the pH response and the membrane components could be found.
